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15 APQPTOSIS OF NAIVE HUMAN NK C ELLS BY CROSSLINKING OF THEIR 
FcfRIIIa MOLECULES WITH A RAT I aG2b f L0-CP2a/BTI-322 ) OR 
ITS IQG1 HUMANIZED MONO CLONAL ANTIBODY 

This application claims priority under 35 U.S.C. 119(e) 
20 based on provisional application Serial No- 60/084, 885 , 
filed May 8, 1998. 

Natural killer cells (NK) play an important role in immune 
defenses by their capacity to kill tumour cells or infected 
cells through natural cytotoxicity or to kill antibody 

25 coated target cells by a mechanism referred as the antibody 
dependent cellular cytotoxicity (ADCC) (reviewed in 1) 
(Renard) . This mechanism appears to involve crosslinking of 
the NK FCyRIIIa, rapid secretion of lytic factors (i.e., 
perforin/granzyme B) and expression of Fas-ligand which 

30 then triggers the apoptosis of targeted cells (2-9) ( Vivier 
JI 91, Salcedo, Azzoni, Galandrini , Kanakaraj , Aramburu, 
Milella, Umera) . 

Although the mechanism of ADCC is well understood, little 
35 is known about the fate of the NK cells after the reaction 
and notably how the immune system regulates the activity of 
these cells functioning repeatedly after target cell lysis 
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(10) (Ulberg) . It was however recently demonstrated in vitro 
that some NK ceils become inactivated and then died by 
apoptosis 24 to 48 hrs . after the ADCC reaction 

(11) (Jewett) . 

5 

It has been demonstrated that 11-2 activated NK cells or 
LAK cells, but not naive NK cells undergo rapid apoptotic 
cell death after FcyRIIla ( 12) (Orthaldo) , CD94 (13) (Ida) or 
CD2 (14) (Ida) cross-linking with an antireceptor antibody, 
10 or after engagement in cytolytic functions (15)(Taga 1996). 
This activation induced cell death (AICD) of NK cells, that 
was suggested to contribute to the end of immune response, 
seemed to be dependent on the expression of Fas-ligand 
(16)(Eishen) or c-myc ( 17) (Azzoni) . 

15 

In this application, it is described that apoptosis of 
freshly isolated NK cells occurs when the cells are treated 
in vitro with a mAb of which the Fc portion binds to their 
FcRyllla and the antigen binding specificity to some CD2 or 
20 HLA class I membrane molecules. This apoptosis occurs 

rapidly, does not require RNA synthesis and is Fas /Fas- 
ligand independent. 

The invention now will be described with respect to the 
25 drawings. 

Purified NK cells (10 6 /ml in 100 were incubated with or 
30 without L0-CD2a (100 ng/ml final concentration). After a 
3 h incubation, cells were PI stained or double labelled 
with anti CD2-FITC and anti CD56-PE mAbs and directly 
analysed by Facs (10000 cells) a) FL2 fluorescence of PI 
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positive cells b) size (FSC) and granularity (SSC). PI 
positive dead cells are located in gate 1 (not shown) c) PI 
negative cells located in gate 2 were analysed by double 
fluoresence CD2-CD56. Results of one experiment is shown as 
5 representative of five. 

Fia. 2 

TUNEL labelling of NK cells incubated with L0-CD2a. 
10 2 X 10 4 NK cells were incubated 5 h without (A) or with (B) 
LO-CD2a (100 ng/ml), collected on a slide by 
cytocentrifugation and DNA fragmentation determined by a 
TUNEL assay 

15 Flo. 3 

Kinetics of LO-CD2a mediated NK apoptosis. 100 nl of NK 
cells (10 6 cells/ml) isolated from blood of 3 different 
donors were incubated in triplicate with LO-CD2a (100 
20 ng/ml) for different periods of time and cell death was 

analysed by flow cytometry after PI labelling. The mean of 
each triplicate is represented. The standard error of mean 
was less than 10%. 

25 fig. 4 

LO-CD2a mediated apoptosis of isolated NK cells. 20 *il of 

NK cells (10 5 cells/ml) were loaded on a sterile plastic 

cell counting chamber and incubated at 37 °C in a Petri dish 

30 filled with X-VIVO 15 medium without (Fig 4a) or with (Fig 

4b) L0-CD2a (100 ng/ml). After a 3 h incubation, trypan 
blue was added and cell mortality counted by lecture in 
optical microscopy. 
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FiQ. 5 

Cell surface expression of Fas and Fas ligand on a) naive 
5 or b) IL-2 stimulated NK cells. Freshly isolated or IL-2 
stimulated (2 days with 2 00 U/ml 11-2) NK cells were 
labelled with DX2 (anti Fas) fluorescein labelled mAb f NOK- 
1 (anti Fas ligand) fluorescein labelled mAb, or MADNP-1 
fluorescein labelled (istopye control) and analysed by flow 
10 cytometry. 

Fio. 6 

Effect of different inhibitors on L0-CD2a mediated NK 
15 apoptosis. 100 \xl of freshly isolated NK cells (10 6 /ml) 

were pre-incubated for 3 h at 37 °C in a 96 well plate with 
EGTA (20mM), staurosporin (250nM), quinacrine ( lOmM) , 
cyclosporin A (lOOmg/ml), FK506 (lOOmg/ml), wortmannin 
(500ng/ml), concanamycin A (500 mM) , cytochalasine D 
20 (lmg/ml), actinomycin) (500 ng/ml final concentration), 

NOK-1 (25 mg/ml) or medium alone. After incubation for 3 h 
with LO-CD2a (100 mg/ml final concentration) propidium 
iodide was added and cell mortality was analysed by flow 
cytometry. Each inhibitor was tested at different 
25 concentrations and the one giving the best inhibition 
without cytotoxicity was chosen. 

The percentage of death cells was calculated as follows: 
l-(% PI positive cells with LO-CD2a + inhibitor -% PI 
30 positive cells with inhibitor/ % PI positive cells with LO- 
CD2a-% PI positive cells with inhibitor) X 100. Results are 
the mean + SD of 5 experiments done with 5 different blood 
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donors. The percentage of PI positive cells after 
incubation with the inhibitors alone never exceeded 20%. 

MATERIALS AND METHODS 

5 

Antibodies and reagents 

LO-CD2a was purified from in vitro culture of ascites 
fluid. LO-CD2a is a rat IgG2b anti-human CD2 mAb developed 

10 and characterized as described previously in the 

Experimental Immunology Unit, Universite Catholique de 
Louvain, Louvain La Neuve, Belgium. It is obtained from a 
rat hybridoma obtained by fusion of rat immunized spleen 
cells with the non-secreting 1R983F fusion cell line 

15 (18)(Bazin, 1982), ( 19 ) (Latinne) , commercially developed 
for clinical use by Biotransplant Incorporated, 
Charlestown f MA, USA and named BTI-322. LO-CD2b is also a 
rat IgG2b anti-human CD2 mAb recognizing a different 
epitope than that recognized by L0-CD2a. LO-HLAI-2 is a rat 

20 IgG2b mAb anti human HLA class I. MARG2b-3 is a mouse IgGl 
mAb anti rat IgG2b heavy chain. MARK-1 is a mouse IgGl mAb 
anti rat kappa light chain MADNP-1 is a mouse IgGl anti DNP 
mAb. These mAbs were all developed in our laboratory 
(20)(CRC). IR863 is a rat IgG2b monoclonal immunoglobulin 

25 produced by an immunocytoma tumour. (18)(Bazin). A 

humanized (IgGl) version of BTI-322 ( humanized* BTI-322 ) was 
obtained from Biotransplant Incorporated, Charles town, MA, 
USA. 

30 The mouse IgGl mAb anti human CD2, OKT11 ( 2 1 ) ( VanWauve ) and 
mouse IgG2a mAb, 35.1 (22) (Martin) were obtained from ATCC. 
The f luorescein-conjugated mouse anti human CD95 mAb, DX2 
and anti Fas-ligand mAb, NOK-1, purified and fluorescein- 
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conjugated were obtained from Pharmingen (Imtec, The 
Netherlands). NOK-1 mAb has been shown to neutralise the 
Fas-Fas-L mediated apoptosis (23) (Kayagaki) . The 
f luorescein-conjugated mouse anti human CD2 mAb f Leu5b 
5 recognizing another epitope on the CD2 molecule than L0- 
CD2a (not shown) was purchased from Bee ton Dickinson 
(Erembodegem, Belgium). The phycoerythrin-con jugated mouse 
mAb anti human CD56 f NKH1 was purchased from Coulter. L0- 
CD2a F(ab 1 ) 2 f fragments were prepared by Staphylococcus 
10 aureus V8 proteinase digestion followed by gel filtration 
(24) (Rousseaux) . 

Staurosporine, Quinacrine r Wortmannin, Concanamycin A, 
Cytochalasin D and Actinomycin D were purchased from Alexis 
15 (Switzerland). Cyclosporin A (Sandoz, Belgium) and FK506 
(Fujisawa f Japan) were provided by the hospital pharmacy. 

Cell Isolation and culture conditions 

20 Human PBMC were isolated from heparinized blood of healthy 
volunteers by gradient centrif ugation on Ficoll Hypaque 
(LSM, International Medical, Belgium). Human CD56 positive 
cells were negatively selected from PBMC , using the StemSep 
NK cell enrichment kit with a cocktail of mAbs anti- 

25 glycophorin A f -CD3, -CD4, -CD14, -CD19 and -CD66b 

(StemCell Technologies Inc., Vancouver, Canada). More than 
90% of isolated cells were CD56 positive and 90% of them 
were CD16 positive. The percentage of CD3 positive cells 
was within a range of 50 to 80%. Cells were suspended in X- 

30 VIVO 15 medium ( Biowhittaker , Maryland, USA) and directly 
used. Experiments were performed using 100 ul of a 
suspension of 10^ cells per ml incubated at 37 °C, 5% C0 2 in 
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96 well microplates (Nunc, Gibco, Belgium) with a 
predefined mAb concentration. 

Immunofluorescence analysis 

Phenotypic analysis was performed using a FACscan 
cytof luorimeter and the data analysed using the Cell Quest 
program (Beckton Dickinson, San Jose, CA, USA). PBS 
supplemented with 2% fetal calf scrum and 0.2% sodium azide 
was used as dilution medium for antibodies and washing 
solution for cells. 5xl0 5 cells per tube were incubated 
with the different mAbs (5 ug/ml, final concentration) for 
10 min at 20 °C. The cells were washed and directly 
analysed. 

Evaluation of cell death 



Cell death was evaluated by optical microscopy and trypan 
blue exclusion, or by flow cytometry after propidium iodide 
20 labelling (5 ug/ml final concentration). 

Apoptosis was determined by collecting cells on a slide (2 
X 10 4 cells/slide) by a 5 min cytocentrif ugation at 5xl0 4 
rpm (Cytospin2, Shandon, USA). The cytospins were fixed in 

25 2% formalin (10 min RT) , rinsed in PBS (5 min RT) and put 
in a plastic bag containing 200 ml of 0.01M buffer (S2031, 
Dako, USA) for microwave irradiation (6 min, 100W) . 
Following this irradiation, slides were quickly immersed in 
PBS at RT for rapid cooling (10 min). Background was 

30 abolished by incubating the slides with normal sheep serum 
diluted 1/20 in PBS containing 5% BSA (30 min, RT) . The 
TUNEL labelling kit was obtained from Boehringer Mannheim 
(TUNEL label N 1767291 and TUNEL enzyme N1767305 and TUNEL 
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POD N1772465) and was used according to manufacter's 
instructions. Peroxidase activity was revealed by 
AEC+substrate kit (K3461, Dako; 5 min, RT) and finally, 
slides were rinsed, counterstained with Mayer's 
hematoxylin, washed under tap-water and mounted in an 
aqueous mounting medium ( Faramount , Dako ) . Negative 
controls were obtained by omitting TdT (TUNEL enzyme) from 
the labelling mixture, all other steps being identical to 
the above protocol. 

Evaluation of cell death in the absence of cell-cell 
contact 



isolated cells (10 5 /ml) were put into a ^irradiated plastic 
15 cell counting chamber (Glasstic slide 10. Hycor Biomedical 
Inc. California, USA). After confirmation of the absence of 
cell contact by optical microscopy, the cell counting 
chamber was placed in Petri dishes and incubated in 20 ml 
of X-VIVO 15 medium with or without LO-CD2a (100 ng/ml) . 
20 After a 3 h incubation at 37 °C, 5% C0 2 , trypan blue was 

gently added with a needle in the chamber containing cells, 
and cell viability was determined by direct microscopic 
examination. 



25 RESULTS 



Apoptosis induction of freshly isolated NK cells. 

Freshly isolated NK cells were purified as described in 
30 material and methods. The mean ± SD percentage of CD56+CD2+ 
cells were 63±13 (n=5), a value similar to the one reported 
by Nakazawa (25) (Nakazawa) for naive NK cells. In the 
experiment described in Fig. 1, 60% of the cells were CD2 
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positive. After a 3 h incubation with or without L0-CD2a, 
cells were analysed by flow cytometry for viability after 
propidium iodide (PI) labelling (Fig. la), for size (FSC) 
and granularity (SSC) (Fig. lb) and for CD2 and CD56 
expression (Fig. lc). The percentage of PI positive cells 
was 13% and 52% for cells incubated without and with LO- 
CD2a respectively (Fig. la). Cell death was also evaluated 
by optical microscopy after trypan blue staining. Results 
were similar to those obtained with PI labelling (not 
shown) . These dead cells were located in the region 1 (Rl) 
of the corresponding size/granularity dot plot (Fig. lb). A 
double staining of residual living cells with anti-CD2 and 
anti-CD56 mAbs, located in the region (R2) showed an almost 
complete absence of the double positive population 
CD2+CD56+ in the sample treated with L0-CD2a (Fig. lc). 

To determine if NK cells died following an apoptotic or a 
necrotic process, cells incubated with L0-CD2a were 
analysed by a TUNEL assay after cytocentrif ugation (Fig. 

2). 

The percentage of TUNEL positive cells was similar to the 
one determined by trypan blue staining or propidium iodide 
labelling confirming that cells died by apoptosis (not 
shown ) . 

Apoptosis of NK cells occurs rapidly 

The kinetics of apoptosis was evaluated in 3 different 
donors by measuring the % of propidium iodide positive 
cells after different incubation times with L0-CD2a. 
Apoptosis was detected within 15 min and reached a maximal 
value between 60 and 150 min (Fig. 3). 
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Apoptosis is neither restricted to a particular epitope on 
the CD2 molecule nor to the rat IgG2b isotype 

5 LO-CD2b, another rat IgG2b anti CD2 mAb that does not 

compete with LO-CD2a for CD2 binding and the humanized form 
of LO-CD2a with a human IgGl heavy chain induced a similar 
rate of apoptosis to the one observed with LO-CD2a (Table 

1). 

10 

A rat lgG2b anti HLA class 1 mAb also induces NK apoptosis 

The apoptosis, however , is not restricted to the CD2 
recognition since the rat IgG2b anti HLA class I, LO HLAI 2 
15 mAb induces apoptosis in 80% of NK cells (Table 1). The 

flow cytometry analysis of the residual alive cells showed 
that CD2+ and CD2- NK cells were equally sensitive to the 
LO-HLAI-2 mediated apoptosis (not shown) . 

20 Only the whole antibody is able to mediate apoptosis 

Apoptosis mediated by L0-CD2a cannot be induced by 
incubating cells with the L0-CD2a F(ab') 2 fragment with or 
without the control IgG2b IR863 monoclonal Ig and with or 
25 without the mouse anti-rat kappa chain (MARK-1) able to 

crosslink the LO-CD2a F(ab') 2 fragments (Table 1). The two 
mouse anti-human CD2 mAbs, OKT11 and 35. 1, that were 
tested, also failed to induce apoptosis. 

30 Apoptosis does not require a cell-cell contact 

In order to determine if a cell contact was required for 
the L0-CD2a mediated apoptosis, cells at very low 
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concentration were loaded on a cell counting chamber where 
they were clearly kept isolated and incubated in a L0-CD2a 
containing medium- After a 3 h incubation and trypan blue 
staining, cell mortality in the cell counting chamber (Fig. 
5 4) was similar to the one observed or the same cells 

incubated with L0-CD2a in a 96 well plate (data not shown). 

Apoptosls is Fas llgand independent 

10 Purified NK cells express weakly Fas and no Fas ligand 

(Fig. 5A) . As a control of Fas and Fas ligand expression, 
cells were incubated 2 days with IL-2 (200 U/ml). As 
previously described (16,26) (Ortaldo, Eishen) , Fas ligand 
was expressed and the expression of Fas increased (Fig. 

15 5B) . To confirm that apoptosis of NK cells was not Fas-Fas 
ligand dependent, cells were also pre-incubated with the 
blocking anti Fas-L mAb, NOK-1. No inhibition of apoptosis 
was observed when LO-CD2a was added (Fig. 6). 

20 Apoptosis is Calcium, PKC and PLA2 dependent 

Several inhibitors were tested to determine the role of 
various mediators of apoptosis (Fig. 6). The calcium 
chelator, EGTA, as well as the PKC inhibitor staurosporine 

25 and the PLA2 inhibitor quinacrine, completely inhibited NK 
cell apoptosis. On the other hand, the calcineurin 
inhibitor, FK506, did not inhibit cell death, whereas high 
concentrations of cyclosporin A partially inhibited 
apoptosis. Wortmannin, inhibiting the PI3 kinase and 

30 blocking the degranulation, cytochalasine inhibiting 

microfilament formation, and concanamycin A, neutralising 
the perforin activity, failed to inhibit apoptosis. The 
inhibition of mRNA synthesis by actinomycin D, also did not 
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have any blocking effect on apoptosis. Therefore, a role 
for calcium, protein kinase C and PLA2 in the apoptosis 
induced by L0-CD2a is hypothesized. 

Until now, induction of NK cell apoptosis after Fc]fRIIIA 
cross-linking has been described only in cells previously 
activated by IL-2 (12,16,17) (Orlando, Azzoni, Eishen) . In 

10 these experiments, IL-2 activation was thought to be 
required to start an apoptotic process triggered by a 
subsequent FcpIIIa crosslinking . The increase of c-myc 
(17) (Azzoni) and Fas-ligand expression (16)(Eishen) by IL-2 
was thought to be necessary for the Fc^RIIIa mediated 

15 apoptosis. However, it has also been shown that 

neutralization of Fas ligand has no effect on NK cell AICD 
triggered by CD16 stimulation (14) (Ida). We show here that 
apoptosis of freshly isolated CD56+CD2+ NK cells also 
occurs when incubated with a rat IgG2b anti human CD2 mAb 

20 (LO-CD2a). We suggest that this mAb acts through the 

crosslinking of CD2 and Fcj'RIIIa. Indeed, it was shown that 
human Fc^RIIIa exhibits a high affinity for the rat IgG2b 
isotype as high as for the human IgGl (27,28,29) (Chassoux, 
Bruggemann , Hale) . 

25 

The role of the rat IgG2b Fc portion was demonstrated by 
the failure of L0-CD2a F(ab') 2 fragments to induce 
apoptosis, even when crosslinked with a mouse anti rat 
kappa chain of the IgGl isotype not able to bind human Fey 
30 RHIa, whereas the role of the CD2 molecule was 

demonstrated by the absence of apoptosis of the CD2 
negative NK cells. 
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The L0-CD2a mediated apoptosis is nevertheless not 
restricted to the binding of a particular CD2 epitope since 
another rat IgG2b anti human CD2, called L0-CD2b, binding 
another epitope than L0-CD2a, also induces NK apoptosis. 

5 

In order to exclude the hypothesis that apoptosis was due 
to a cytotoxic property of the rat IgG2b heavy chain, the 
humanized IgGl/kappa form of L0-CD2a, also was tested and 
showed the same apoptotic effect (Table 1). 

10 

In order to verify whether apoptosis was only due to Fc/ 
RHIa stimulation or if CD2 costimulation also was 
necessary, a rat IgG2b anti human HLA class I (LO-HLAI-2 ) 
also was tested. This antibody induces up to 80% NK 
15 apoptosis regardless of CD2 expression. However, in this 

model, costimulation of the HLA class I molecules cannot be 
excluded completely since it was shown recently that HLA 
class I crosslinking on the cell surface also induces 
apoptosis of activated B and T cells ( 30) (Genestier) . 

20 

The L0-CD2a mediated apoptosis is not only the result of a 
fratricidal ADCC reaction, since it occurs also when cells 
are kept separated. 

25 As a result of these observations, it is suggested that the 
apoptotic process is triggered by the association of the 
CD2 or the HLA-1 molecule with the Fc^RIIIa on the surface 
of the same cell through the binding of the Fab and Fc 
parts of the antibody. 

30 

Two mouse anti human CD2 mAbs were also tested. Neither 
OKT11, a mouse IgGl mAb, nor 35.1, a mouse IgG2a mAb were 
able to induce apoptosis, despite the fact that the mouse 
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IgG2a Fc part can also bind to human Fc RHIa (31)(Kipps). 
It has been reported that some mouse IgG2a are not able to 
bind efficiently the NK FcVRIIIa receptor and subsequently 
to trigger ADCC ( 32 ) (Chris tiaansen 84)- The same authors 
5 have suggested later that the optimal stimulation of the 
Fcj'RIIIa might be dependent not only on the mAb isotype, 
but also on the spacial orientation of the mAb on the 
target cell membrane (33) (Chris tiaansen 90). 

10 The intracellular mechanism of apoptosis induced by LO-CD2a 
was investigated. It has been shown that stimulation of NK 
cells through their CD2 and the Fc RHIa molecules induces 
an activation of i) PI-3 kinase (9, 34) (Umehara f Bonema), 
ii) PKC and calcineurin through recruitment of p56 Ick, p69 

15 fyn or ZAP70 ( 3 , 4 , 35) (Salcedo, Azzoni, Vivier) , iii) 

phospholipase A2 (PLA2) through the recruitment of Shc/Grb- 
2 and the Ras MAP kinase pathway (36) (Lin 93). These 
events trigger a rapid exocytosis of perf orin/granzyme B 
containing granules and an activation of nucleic factors 

20 NFAT, NFkb, c-fos, c-jun, and c-myc that regulate the 
expression of INF-^, TNFa and Fas ligand. 

NK apoptosis produced by L0-CD2a is calcium dependent, as 
shown by its absence in presence of the calcium chelator, 
2 5 EGTA . 

The occurrence of NK cell apoptosis through exocytosis of 
their own granules and the calcium dependent perforin 
activity seems unlikely since i) only CD2 positive NK cells 
30 are sensitive to the L0-CD2a mediated apoptosis; ii) 

neither the inhibition by wortmannin of the PI-3 kinase 
that regulates degranulation (34) (Bonema) , nor the 
inactivation of perforin by concanamycin A ( 37) (Kataoka) , 
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nor the inhibition of exocytosis by cytochalasin are able 
to inhibit L0-CD2a mediated apoptosis. 

The involvement of Fas ligand in the apoptotic process is 
5 unlikely since the cells used in the assays do not express 
Fas-L and the blockade of Fas/Fas-L interaction by the 
specific mAb, N0K1, fails to inhibit apoptosis. 

Secretion of TNFa or overexpression of c-myc cannot be 
10 responsible for the induction of apoptosis since it occurs 
rapidly (apoptosis is already detected within 15 min) and 
without gene expression as shown by the inability of 
actinomycin D to prevent apoptosis. 

15 The calcineurin pathway does not seem to be involved as 

demonstrated by the persistence of apoptosis in presence of 
the specific calcineurin inhibitors, FK506 and cyclosporin 
A. 

20 The NK apoptosis is completely abrogated in the presence of 
the PKC inhibitor staurosporine as well as the PLA2 
inhibitor, quinacrine. It has been suggested that PLA2 
through production of arachidonic acid (AA) directly 
regulates the NK cell metabolism as well as the exocytosis 

25 of the granules ( 38 ) (Cifone) . On the other hand, granzyme B 
have been also found outside the granules into the NK cells 

(39) (Trapani) . 

It may be possible that L0-CD2a, through a PLA2 pathway, 
30 induces an increase of cytosolic granzyme B/perforins as 
suggested by Spaner as an explanation of the Fas 
independent AICD of CD8+ cells triggered by TCR stimulation 

(40) (Spaner) . The determination of the granzyme B location 
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16 . 

and the caspases activation, including the caspase 3 
(CPP32) granzyme B substrate, is under investigation and 
will help to verify this hypothesis. 

5 Ida et al (14) recently demonstrated that IL-2 primed, but 
not freshly isolated NK cells rapidly died by apoptosis 
after CD2 or CD16 stimulation with specific antibodies 
cross linked with a goat anti mouse Mab. The precise role 
of IL-2, that remains to be determined, was suggested to 
10 permit a link, via the CD3z recruitment, between the 
cytoplasmic domains of the receptors and the caspase 
cascade . 

The NK apoptosis mediated by L0-CD2a is quite different as 
15 compared to that described previously with other 

antibodies, i.e., CD16 (26) (Orthaldo) , CD94 (13) and CD2 
(14) (Ida) since it does not require cross-linking with a 
second antibody nor priming with IL-2. Indeed, the cells 
used in our experiments were isolated from healthy 
20 volunteers and did not show any marker of IL-2 activation 
(i.e., absence of Fas-L and CD25 expression). 

It might be possible that simultaneous triggering of CD2 
and CD16 by L0-CD2a binding has the same effect as IL-2. 
25 Thus, it would be interesting to verify if the anti CD2 and 
anti CD16 Abs separately used by Ida to induce AICD of IL-2 
primed NK cells, have the same effect as LO-CD2a, when 
added together on freshly isolated NK cells. 

30 It has been suggested that NK cell depletion can be helpful 
in some clinical events such as allogeneic or xenogeneic 
graft rejection (41,42) (Blancho, Lin). The results 
presented in this paper demonstrate that a single rat IgG2b 
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anti CD2 or HLA class I mAb can induce apoptosis of 
resting, even isolated NK cells. Anti CD2 treatment would 
fail to deplete CD2-NK cells, whereas anti HLA class I 
treatment could induce ADCC in different tissues expressing 
5 class I antigens. However, elimination of the whole NK cell 
population would be possible by using antibodies directed 
against a specific receptor restricted to NK cells such as 
the p46 molecule (43)(Sivori) and capable of binding by 
their Fc to the FcjRIIIa molecules. 

10 

Table 1 

NK apoptosis is induced by different stimuli. 

15 100 |il of NK cells (10 6 /ml) were incubated in triplicate 
with various mAbs at a concentration of 100 ng/ml, except 
for MARK-1 that was coated on the plate. This antibody also 
was used in a soluble form at various concentrations 
ranging from 10 ng/ml to 1 ug/ml and gave similar results 

20 (not shown). After a 3 h incubation, propidium iodide was 
added and cell mortality was analysed by flow cytometry. 
The results given above (mean + SEN) are representative of 
5 experiments using different donors. 
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TABLE 1 





Stimulus 


%PI Positive 


5 


Medium 


11 


± 1 




LO-CD2a 


54 


+ 4 




LO-CD2a Fab '2 


12 


± 1 




LO-CD2a Fab '2 + MARK-1 


13 


± 2 




IR863 


10 


± 3 


10 


IR863+MARK-1 


11 


± 2 




IR863 + LO-CD2a Fab '2 


12 


± 3 




IR863 & Fab'2 + MARK-1 


14 


+ 4 




OKT11 


9 


+ 1 




35.1 


10 


± 1 


15 


LO-CD2b 


56 


± 3 




Humanized LO-CD2a 


52 


± 2 




LO-HLA 1-2 


80 


± 7 
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WHAT IS CLAIMED IS: 

1. A process for causing apoptosis of NK cells 
5 comprising: 

contacting NK cells with an antibody which binds to 
an epitope on NK cells and which includes an Fc 
portion which binds FcyRIIIa on NK cells. 

0 2. The process of Claim 1 wherein the NK cells are naive 

NK cells. 

3. The process of Claim 1 wherein said antibody is L0- 
CD2a. 
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